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IXUWKHUHODERUDWHGDQGVSHFLILHGE\6WDU\LQ>@7KHEDVLVRIWKHVLPXODWLRQPRGHOLVWKHHTXDWLRQFDOOVEDVLFHTXDWLRQ
RIWKHRSHQUHVHUYRLULQWKHVXPPLQJIRUP7RHYDOXDWLRQRIULVNDQGUHOLDELOLW\HPSOR\LQJE\VLPXODWLRQPRGHOWKH
EDVLFHTXDWLRQZDVPRGLILHGLQWRWKHIROORZLQJPDWKHPDWLFDOH[SUHVVLRQ
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
:KHUH9=PD[LVPD[LPDOUHVHUYRLUDFWLYHFRQVHUYDWLRQVWRUDJHFDSDFLW\IXOOUHVHUYRLUVWRUDJHFDSDFLW\27LLVWRWDO
RXWIORZZDWHUIURPUHVHUYRLUDQG4LLVLQIORZZDWHUWRUHVHUYRLUIRUL «N27NLVWRWDORXWIORZZDWHUIURP
UHVHUYRLUDQG4N LV LQIORZZDWHU WRUHVHUYRLU LQ WKHFXUUHQWVWHSN'W LV WLPHVWHSKRXUGD\PRQWK\HDU ,QLWLDO
FRQGLWLRQZDVIXOODFWLYHVWRUDJHFDSDFLW\LQUHVHUYRLUDQGERXQGDU\FRQGLWLRQZHUHZDWHULQIORZVLQWRUHVHUYRLU7RWDO
RXWIORZZDVFDOFXODWHGDVIROORZV
 ¦
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
*HQHUDOO\ WKH WRWDORXWIORZYDOXH27 LVGHFLVLRQYDULDEOH LQ WKH VLPXODWLRQPRGHO(DFKFKDQJHRI27 OHDGV WR
FKDQJHLQWKHULVNRUUHOLDELOLW\RIVWRUDJHZDWHULQUHVHUYRLUDVZHOODVULVNRUUHOLDELOLW\RIZDWHUVXSSO\8QVDWLVIDFWRU\
VWDWH RUZDWHU GHILFLW RI WRWDO RXWIORZ LV GHVFULEHG DV VWDWHZKHQ DFWLYH FRQVHUYDWLRQ VWRUDJH FDSDFLW\ LQ UHVHUYRLU
H[FHHGVYDOXHRI9=PD[7KHWRWDORXWIORZ27LVVSOLWXSWRULYHURXWIORZ2DQGZDWHUGHPDQG2:65LYHURXWIORZ2
LV XVHG DV K\GURSRZHU LQIORZ4( DQG HFRORJLFDO RXWIORZ4(&2 +\GURSRZHU ZDV DVVHVVHG E\ DQQXDO DPRXQW RI
JHQHUDWHGHQHUJ\($118$/>N:K@ZKLFKLVGHILQHGDV
  ¦
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LL$118$/ W+4J(

KU   
:KHUHULVGHQVLW\RIZDWHUJLVJUDYLW\4LLVGLVFKDUJHDQGLVDVDPHYDOXHDVULYHURXWIORZ2LIRUJLYHQPRQWKL
+LLVKHLJKWRIZDWHUOHYHOLQJLYHQPRQWKLKLVFRHIILFLHQWRIHIILFLHQF\UDQJLQJIURPWR'WLVWLPHDQGL «Q
IRUQ 
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5LVNDQGUHOLDELOLW\SDUDPHWHUVRIZDWHUGHPDQGLQWRVXSSO\V\VWHPZHUHFDOFXODWHGE\IXUWKHUFRPSXWDWLRQ7KH
NQRZQSDUDPHWHUVZDVUHTXLUHGZDWHUVXSSO\RXWIORZV2:65(4:KHQWKHYDOXHRIZDWHUGHPDQGZDVVPDOOHUWKDQ
WKH2:65(4DQGULYHURXWIORZZDVXQGHUWKUHVKROGUHTXLUHGHFRORJLFDORXWIORZWKHQWKHUHVHUYRLULVLQXQVDWLVIDFWRU\
VWDWHZKLFKZDVGHILQHGE\ZDWHUGHILFLWWLPHW:'DQGZDWHUGHILFLWYROXPHXQGHOLYHUHGZDWHUYROXPH98::DWHU
UHVHUYRLUORVVHVDUHLPSOHPHQWHGLQWRWKHVLPXODWLRQPRGHOLQIRUPRIHYDSRUDWLRQORVVHVDQGVHHSDJHORVVHV&UHDWHG
VLPXODWLRQPRGHOZDVOLQNHGWRRSWLPL]DWLRQPRGHODQGRSWLPL]HGXVLQJ*$PHWKRG
2SWLPL]DWLRQ0HWKRG
5HVHUYRLUVLPXODWLRQPRGHOZDVEXLOWLQ06([FHOVRIWZDUHEDVHGRQDERYHPHQWLRQHGPHWKRGVDQGWKH*$1HW;/
>@RSWLPL]DWLRQWRROZDVXVHGIRURSWLPL]HDERYHVSHFLILHGRSWLPL]DWLRQSUREOHP*$1HW;/LVDGGLWLRQWRROVLQWR
06 ([FHO DQG LV EDVHG RQ VSUHDGVKHHW SODWIRUP )RU RSWLPL]DWLRQ SUREOHP WKH VLQJOH RU PXOWLSOH REMHFWLYH
RSWLPL]DWLRQ16*$,,PHWKRGZDVXVHG5HVXOWVRIPXOWLSOHREMHFWLYHVROXWLRQVDUHSUHVHQWHGLQD IRUPRI3DUHWR
FXUYHVUHODWLRQVEHWZHHQULVNUHOLDELOLW\RIZDWHUVXSSO\DQGUHVHUYRLUK\GURSRZHUHQHUJ\
&DVH6WXG\
'HVFULSWLRQ
)RUDSSOLFDWLRQRIDERYHPHQWLRQHGPHWKRGWKHRSHQZDWHUUHVHUYRLU9LUKDVEHHQFKRVHQZKLFKILWVZLWKLWV
WHFKQLFDOSDUDPHWHUVLQWRWKHUHTXLUHGUHTXHVWV5HVHUYRLUKDVEHHQEXLOWDQGLVRSHUDWHGLQWKH&]HFK5HSXEOLFLQ
9\VRFLQD5HJLRQNLORPHWHUVWRWKHVRXWKIURPFDSLWDOFLW\3UDJXHDQGNLORPHWHUVWRWKHQRUWKHDVWIURP%UQR
FLW\7KHPDLQSXUSRVHVZK\WKHUHVHUYRLULVRSHUDWHGDUHZDWHUVXSSO\DQGSURGXFLQJRIK\GURSRZHUHQHUJ\2SHUDWRU
DQGPDQDJHU RI WKH9LU  UHVHUYRLU LV D JRYHUQPHQW FRPSDQ\ FDOOHG0RUDYD5LYHU EDVLQ 3RYRGL0RUDY\ 6WDWH
(QWHUSULVH%DVLFK\GURORJLFLQIRUPDWLRQDERXWZDWHUVKHGDERYHWKHUHVHUYRLUDUHWKHVH5HVHUYRLULVEXLOWRQ6YUDWND
ULYHUEDVLQDQGWKH6YUDWNDULYHULVPDLQLQIORZLQWRWKHUHVHUYRLU:DWHUVKHGDUHDDERYHUHVHUYRLULVDERXWNP
$YHUDJHORQJWHUPLQIORZ4$LVPVHFRORJLFDOIORZWKHGURXJKWWKUHVKROGGHILQHVDV4YDOXHDQGLV
PV$VLQSXWGDWDIRUFRPSXWDWLRQZHUHXVHGWKHWLPHVHULHVRIPHDQPRQWKO\IORZV\HDUVOHQJWKDQGWLPHSHULRG
±%DVLFLQIRUPDWLRQDERXW9LUUHVHUYRLULVDVIROORZLQJ7RWDOYROXPHLQWKHUHVHUYRLULV9727$/
PLOOLRQPWKHDFWLYHFRQVHUYDWLRQVWRUDJHFDSDFLW\9=PD[LVPLOOLRQPDQGIORRGFRQWUROYROXPH9)/22'LV
PLOOLRQP7RWDOKHLJKWRIGDPLVP(FRORJLFDORXWIORZ4(&2LVPV7KHUHLVWKHK\GURSRZHUSODQW
ZLWKWZR)UDQFLVWXUELQHVZLWKWRWDOLQVWDOOHGSRZHU0:DQGPD[LPXPWXUELQHGLVFKDUJH4 PVVLWXDWHG
DWERWWRPWKHRIGDPFRQVWUXFWLRQ9DOXHVRIUHTXLUHGZDWHUGHPDQGGLVWULEXWHGLQWRWKH%UQRZDWHUVXSSO\V\VWHP
ZDVWDNHQRYHULQ>@
*$1HW;/FRQILJXUDWLRQRIUHVHUYRLUVLPXODWLRQPRGHOZDVIROORZLQJ3RSXODWLRQVL]HZDVJHQHV&URVVRYHU
3UREDELOLW\ZDVVHWOLNHWKH8QLIRUP5DQGRPDQG&URVVRYHU5DWHZDV0XWDWLRQW\SHZDVVHWDV6LPSOHE\*HQH
ZLWKSUREDELOLW\RIPXWDWLRQ1XPEHURIFKURPRVRPHVGHFLVLRQYDULDEOHVZDVHQWHUHGZLWKUDQJHRIERXQGV
P V IRU ORZHU ERXQG DQG P V IRU XSSHU ERXQG 6ROXWLRQZDV VHW DVPXOWLSOH REMHFWLYH RSWLPL]DWLRQ
SUREOHP1XPEHURIREMHFWLYHVZHUH)LUVWREMHFWLYHIXQFWLRQZDVVHWWRPLQLPL]H5,6.RUPD[LPL]H5HOLDELOLW\RI
WRWDORXWIORZIURPUHVHUYRLU6HFRQGREMHFWLYHIXQFWLRQZDVWRPLQLPL]H5,6.RUPD[LPL]H5HOLDELOLW\RIXQGHOLYHUHG
ZDWHUGHPDQGLQWRWKHZDWHUVXSSO\V\VWHP/DVWREMHFWLYHIXQFWLRQZDVWRPD[LPL]HWKHWRWDOK\GURSRZHUHQHUJ\
1XPEHURIJHQHUDWLRQVL]HZDVFKRVHQWR6RPHH[DPSOHVRIKRZ\RXUUHIHUHQFHVVKRXOGEHOLVWHGDUHJLYHQDW
WKHHQGRIWKLVWHPSODWHLQWKHµ5HIHUHQFHV¶VHFWLRQZKLFKZLOODOORZ\RXWRDVVHPEOH\RXUUHIHUHQFHOLVWDFFRUGLQJWR
WKHFRUUHFWIRUPDWDQGIRQWVL]H
5HVXOWVDQG'LVFXVVLRQ
7KH UHVXOWV RI RSWLPL]DWLRQ RI RSHQ UHVHUYRLU VLPXODWLRQ PRGHO DUH LQ WKH JUDSKLFDO DQG WKH QXPHULFDO IRUP
*UDSKLFDOIRUPLVSUHVHQWHGE\3DUHWRFXUYHVDQGQXPHULFDOIRUPLVFKDUDFWHUL]HGLQWKHIRUPRI3DUHWRFXUYHGDWD
VHWV7KHQWKHHDFKOLQHRIWKHVHGDWDUHSUHVHQWVDSRVVLEOHYDOXHVRIWRWDORXWIORZVGHFLVLRQYDULDEOHVZDWHUGHPDQGV
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DQGWRWDODQQXDOHQHUJ\$OOWKHVHYDOXHVFDQE\DSSOLHGIRUUHVHUYRLURSHUDWLRQSURGXFHRIK\GURSRZHUHQHUJ\DQG
ZDWHUVXSSO\PDQDJHPHQW
7KH3DUHWRFXUYHVVKRZVWKHUHODWLRQVEHWZHHQULVNRUUHOLDELOLW\RIZDWHUGHILFLWDQGSURGXFWLRQRIK\GURSRZHU
HQHUJ\7KHIRXUVROXWLRQVZHUHFUHDWHGDQGQDPHGDVIROORZV
x 6ROXWLRQ$GHVFULEHGUHODWLRQVEHWZHHQ5,6.DQGDQQXDOK\GURSRZHUHQHUJ\($118$/
x 6ROXWLRQ%GHVFULEHGUHODWLRQVEHWZHHQ5,6.DQGDQQXDOK\GURSRZHUHQHUJ\($118$/
x 6ROXWLRQ&GHVFULEHGUHODWLRQVEHWZHHQ5,6.DQGDQQXDOK\GURSRZHUHQHUJ\($118$/
x 6ROXWLRQ'GHVFULEHGUHODWLRQVEHWZHHQUHOLDELOLW\57(03DQGDQQXDOK\GURSRZHUHQHUJ\($118$/
7RHIIHFWLYHO\FRPSDULQJWKHFDOFXODWHGUHVXOWVRIHDFKVROXWLRQWKHUHFDOFXODWLRQWRWKHVDPHYDOXHVRI5,6.ZHUH
SURYLGHG $V FRPPRQ SDUDPHWHU WKH 5,6. ZDV FKRVHQ DQG WKHQ UHVXOWV IRU HDFK VROXWLRQ ZHUH UHFDOFXODWHG
5HFDOFXODWLRQZDVPDGHEDFNZDUGXVLQJWKHRSWLPL]HGYDOXHVRIWRWDORXWIORZIRU5,6.DQG57(03(DFKVHWRIWRWDO
RXWIORZVZDVSXWLWEDFNWRWKHUHVHUYRLUVLPXODWLRQPRGHODQGWKHQWKHVHYDOXHVZHUHUHFDOFXODWHGLQWRWKH5,6.
YDOXHV3DUHWRFXUYHVIRUVROXWLRQV$%&'DUHVKRZQLQWKH)LJ

)LJ3DUHWR&XUYHVIRUVROXWLRQV$%&'
$VLQWKHWH[WDERYHLVZULWWHQWKDWIRUHDFK3DUHWRFXUYHWKHVHWVRIGHFLVLRQYDULDEOHVRIWRWDORXWIORZVDQGZDWHU
GHPDQGV LQFOXGLQJ WRWDO DQQXDOHQHUJ\ZHUHREWDLQHG(DFKSRLQWRI3DUHWRFXUYHZDV IRUPXODWHGDVRQHVSHFLILF
VROXWLRQZLWKRZQVHWRIRSWLPDOUHVXOWVIRUJLYHQVROXWLRQ7KDWPHDQVWKHWZHOYHRSWLPDOYDOXHVRIWRWDORXWIORZV
FRUUHVSRQGVIRUHDFKSRLQWRI3DUHWRFXUYHGHILQHGE\FRRUGLQDWHVRI5,6.:6DQGDQQXDOHQHUJ\
*UHHQSRLQWVRIUHFDOFXODWHG3DUHWRFXUYHFRUUHVSRQGVWRWKHVROXWLRQ'6KDSHRIWKLVFXUYHLVVLPLODUDV3DUHWR
FXUYHRIVROXWLRQ$PDGHE\EODFNSRLQWV'LIIHUHQFHVEHWZHHQERWKFXUYHVDUHREYLRXVLQDGHQVLW\RIRFFXUUHQFHVRI
EODFNDQGJUHHQSRLQWV5HVXOWVRIVROXWLRQ'KDYHWDNHQLQWRDFFRXQWRQO\OLNHOLKRRGRIZDWHUVKRUWDJHV7KLVLVWKH
UHDVRQZK\UHVXOWVRIVROXWLRQ'FUHDWHGPRUHVSDUVHVKDSHRI3DUHWRFXUYHV'HVFULSWLRQIRUWKLVLVWKDWVRPHVHWVRI
GHFLVLRQYDULDEOHVDUHGLIIHUHQWEXWQRWVRPXFKWRFKDQJHWKHVL]HRIOLNHOLKRRGRIZDWHUVKRUWDJHV:KHQLQFUHDVLQJ
DPRXQWRIGHFLVLRQYDULDEOHVWRWDORXWIORZVH[FHHGWKHWLPHRIXQVDWLVIDFWRU\VWDWHZKLFKZDVFRUUHVSRQGLQJIRURQH
VL]HRIOLNHOLKRRGWKHQWKHOLNHOLKRRGZHUHFKDQJHGDQGQHZJUHHQSRLQWZDVFUHDWHG&XUYHRIVROXWLRQ$LVVSHFLILHG
PRUHLQGHWDLOV,WLVPDGHIURPPRUHVSHFLILFVROXWLRQVUHSUHVHQWHGE\HDFKSRLQW7KDWPHDQVWKHULVNGHILQLWLRQWDNHV
LQWR DFFRXQW WKH FRQVHTXHQFHVRIZDWHU VKRUWDJHV ,Q WKLV FDVH LWPHDQV WKDW OLNHOLKRRG IRU VRPH VHWVRI GHFLVLRQ
YDULDEOHVDUHVDPHEXWWKHFRQVHTXHQFHVZHUHFKDQJLQJDQGFKDQJLQJWKHULVNYDOXH,QWKHUHVXOWVRI3DUHWRFXUYHVRI
VROXWLRQ&KDVEHHQVHHQWKDWWKHSRLQWVFUHDWHGVHYHUDOJURXSV7KLVLVFDXVHGE\OLNHOLKRRGRIZDWHUVKRUWDJHVZKLFK
WDNHLQWRDFFRXQWRQO\WKHQXPEHURIXQVDWLVIDFWRU\ZDWHUGHILFLWHYHQWVQRWWLPHRIXQVDWLVIDFWRU\VWDWH)RURQH
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JURXSRISDUHWRFXUYHVSRLQWVLQWKHVROXWLRQ&LVOLNHOLKRRGVDPHDQGFRQVHTXHQFHVZHUHFKDQJLQJDQGFKDQJLQJULVN
YDOXHV
7KHHIIHFWRIZDWHUGHILFLWGHSWKLVIXUWKHUVKRZQDQGFRPSDUHGIRUVDPHSURGXFWLRQRIWRWDODQQXDO(QHUJ\($118$/
  *:K\HDU'HSWK DQG LQWHQVLW\ RI XQVDWLVIDFWRU\ VWDWH IRU ILUVW SHULRG RI PRQWKV LV GHULYHG RQ UDWLR RI
FDOFXODWHGZDWHUGHPDQG4'()WRUHTXLUHGZDWHUGHPDQG45(4DQGLVVKRZQLQ)LJ7KHQLQ7DEOHLVVKRZQWKH
UHFDOFXODWHGYDOXHVIRUVROXWLRQV$%&'RIZDWHUVKRUWDJHIRUVDPHYDOXHRIDQQXDOHQHUJ\($118$/


)LJ:DWHU'HPDQG6KRUWDJHVIRUVROXWLRQV$%&'±6DPH($118$/
,QWKH)LJWKHLQWHQVLW\RIZDWHUVKRUWDJHVLVQRWLFHDEOHRIVKRUWSHULRGRIWLPHPRQWKVEXWLVYHU\VLPLODU
IRUZKROHWLPHSHULRG6ROXWLRQV$DQG'DUHFKDUDFWHULVWLFE\VKRUWQXPEHURIZDWHUVKRUWDJHVRFFXUUHQFHVEXWZLWK
LWVELJGHSWKRUZLWKELJJHUXQGHOLYHUHGYROXPHRIZDWHULQWRWKHZDWHUVXSSO\V\VWHP7KDWPHDQWKLVNLQGRIZDWHU
GHILFLWHYHQWVDUHOHVVIUHTXHQWO\RQWKHRQHKDQGEXWRQWKHRWKHUKDQGFDQEHPRUHGDQJHURXVIRUDOOZDWHUVXSSO\
V\VWHP 6ROXWLRQ% LV FKDUDFWHULVWLFZLWK KLJK IUHTXHQF\ RIZDWHU VKRUWDJHVZLWK VPDOO GHSWK RIZDWHU VKRUWDJHV
&KDUDFWHURIZDWHUVKRUWDJHVLQWKHVROXWLRQ&LVFORVHWRVROXWLRQV$DQG'EXWOHQJWKDQGVL]HRIZDWHUVKRUWDJHVRI
WKLVVROXWLRQDUHPRUHGLVWULEXWHGRYHUWKHWLPHDVZHOODVZDWHUGHILFLWYROXPHVDUHPRUHLQWHQVLYH7KHUHVXOWVDUH
VKRZQLQWKHWDEOH
7DEOH9DOXHVRI5LVNDQG5HOLDELOLW\IRUVROXWLRQV$%&'
0RQWK 6ROXWLRQ$5,6.:6 6ROXWLRQ%5,6.:6 6ROXWLRQ&5,6.:6 6ROXWLRQ'57(03:6
5,6.>@    
($118$/>*:K\HDU@    
6XPPDU\DQG&RQFOXVLRQV
7KHFRPELQDWLRQRIGLIIHUHQWDSSURDFKHVZDVFUHDWHG)LUVWWKHUHVHUYRLUVLPXODWLRQPRGHOZDVEXLOWLQFOXGHGWKH
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